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PROCESS OF MAKING AN ARTICLE FOR 
DISSOLUTION UPON USE TO DELIVER 

SURFACTANTS 

CROSS REFERENCE TO RELATE APPLICATION 

This application claims the bene?t of US. Provisional 
Application Ser. No. 61/120,637 ?led Dec. 8, 2008, Which is 
incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates to a process for making a 
?exible porous dissolvable solid structure article useful as a 
personal care product. 

BACKGROUND OF THE INVENTION 

Dissolvable personal care ?lms are knoWn comprising a 
Water-soluble polymeric structurant and a surfactant or other 
active ingredient. HoWever, in order to achieve the requisite 
rapid dissolution rates needed for consumer convenience, 
these ?lms are generally on the order of less than 100 microns 
thickness (typically 50 microns) and, thereby, are generally of 
too loW a basis Weight (typically 50-100 grams of solid per 
square meter) to enable feasible consumer application of a 
suf?cient dosage of active ingredients for entire body or 
Whole head hair application and performance, i.e., beyond 
loWer dosage applications such as hand cleansing and/or the 
facial applications. 

Dissolvable porous solid personal care products have been 
taught comprising natural starch and surfactants (See US 
2004/0048759). HoWever, these porous solids Were produced 
by an anhydrous extrusion process and employing volatile 
bloWing agents to produce the cellular structure via high 
pressure drop induced expansion of the solid. The anhydrous 
process limits the components available to anhydrous mate 
rials such as solid-sourced surfactants Which are unaccept 
ably harsh to skin, hair and fabric surfaces and are knoWn for 
“skin” formation due to the partial collapse of structure after 
the abrupt high pressure drop at the exit of the extruder die 
also termed “shrinkage”. Such skins are unacceptable as these 
Would serve as a barrier for Water ingress to the interior and 
adversely affect dissolution rates. 

FreeZe-dried open-celled porous solids for personal care 
have been taught (See US. Pat. No. 6,106,849 and US 2007/ 
0225388). HoWever, such resulting freeZe-dried porous sol 
ids are rigid, brittle and fragile and Without plasticiZation of 
the polymer such that it remains in its glassy state to avoid 
collapse of the structure during the process (See US. Pat. No. 
5,457,895 Kearney P. et. al., issued 1995).Also, freeZe-drying 
is a relatively high energy and costly process. 

Therefore a need exists for a process that results in a 
desired ?exible, dissolvable porous solid structure Which can 
be easily and quickly manufactured that gives the desired 
properties of ?exibility, dissolution, surfactant dosing levels 
and lather by consumers utiliZing such articles. 

SUMMARY OF THE INVENTION 

The present invention relates to a process for preparing a 
?exible porous dissolvable solid structure article, comprising 
the steps of: Preparing a pre-mixture comprising surfactant, 
Water soluble polymer, and optionally plasticiZer, Wherein 
said pre-mixture comprises: from about 15% to 70% solids; 
and a viscosity of from about 2,500 cps to 150,000 cps; 
aerating said pre-mixture by introducing a gas into the pre 
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2 
mixture to form a Wet aerated pre-mixture; forming the Wet 
aerated pre-mixture into a desired one or more shapes to 
formed aerated Wet pre-mixture; and drying the formed aer 
ated Wet pre-mixture in a drying environment, Wherein the 
drying environment is heated, such that the pre-mix is dried 
Within about 3 minutes to about 90 minutes to a ?nal moisture 
content from about 0.1% to about 25% moisture to form the 
?exible dissolvable porous solid structure article. 
The present invention further relates to a process for pre 

paring a porous dissolvable solid structure article, comprising 
the steps of: preparing a pre-mixture comprising surfactant, 
Water soluble polymer, and optionally plasticiZer, Wherein 
said pre-mixture comprises: from about 30% to 70% solids; 
and ii. a viscosity of from about 15,000 cps to 150,000 cps; 
heating the pre-mixture betWeen about 40° C. and about 99° 
C.; aerating said pre-mixture by introducing a gas into the 
pre-mixture to form a Wet aerated pre-mixture; forming the 
Wet aerated pre-mixture into a desired one or more shapes to 
formed aerated Wet pre-mixture; and drying the shaped Wet 
pre-mix to a dry density of from about 0.10 g/cm3 to about 
0.40 g/cm3, to form the porous dissolvable solid structure 
article. 
The present invention further relates to a process for pre 

paring a ?exible porous dissolvable solid structure article, 
comprising the steps of: Preparing a pre-mixture comprising 
surfactant, Water soluble polymer, and optionally plasticiZer, 
Wherein said pre-mixture comprises: from about 30% to 70% 
solids; and a viscosity of from about 15,000 cps to 150,000; 
aerating said pre-mixture by introducing a gas into the pre 
mixture to form a Wet aerated pre-mixture; forming the Wet 
aerated pre-mixture into a desired one or more shapes to 
formed aerated Wet pre-mixture; and drying the formed aer 
ated Wet pre-mixture in a drying environment, Wherein the 
drying environment is heated to a temperature betWeen 100° 
C. and 150° C., such that the pre-mix is dried to a ?nal 
moisture content from about 0.1% to about 25% moisture to 
form the ?exible dissolvable porous solid structure article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 
FIG. 
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FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
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FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 

1a SEM Images ofExample 13.1; 
lb SEM Images of Example 13.3; 
10 SEM Images of Example 14.1; 
1d SEM Images of Example 14.3; 
1e SEM Images of Example 15.1; 
lfSEM Images of Example 15.3; 
211 Micro-CT Images of Example 13.1; 
2b Micro-CT Images of Example 13.3; 
20 Micro-CT Images of Example 14.1; 
2d Micro-CT Images of Example 14.3; 
2e Micro-CT Images of Example 15.1; 
2f Micro-CT Images of Example 15.3; 
311 Micro-CT Images of Example 13.2; 
3b Micro-CT Images of Example 13.4; 
30 Micro-CT Images of Example 14.2; 
3d Micro-CT Images of Example 14.4; 
3e Micro-CT Images of Example 15.2; 
3f Micro-CT Images of Example 15.4; 
411 SEM Images of Example 21.1; 
4b SEM Images of Example 21.2; 
40 SEM Images of Example 22; 
4d SEM Images of Example 24; 
5a Micro-CT Images of Example 21.1; 
5b Micro-CT Images of Example 21.2; 
50 Micro-CT Images of Example 22; 
5d Micro-CT Images of Example 24; 
6a SEM Images ofExample 14.1; 
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FIG. 6b SEM Images of Example 27; 
FIG. 7a Micro-CT Images of Example 14.1; 
FIG. 7b Micro-CT Images of Example 27. 

DETAILED DESCRIPTION OF THE INVENTION 

The ?exible porous dissolvable solid structure article may 
be referred to herein as “the Article” or “the Dissolvable 
Article”. All references are intended to mean the ?exible 
dissolvable porous solid structure article. 
As used herein, “?exible” means that the porous dissolv 

able solid structure article meets the distance to maximum 
force values discussed herein. 

The Article has a distance to maximum force value of from 
about 6 mm to about 30 mm, in one embodiment from about 
7 mm to about 25 mm, in another embodiment from about 8 
mm to about 20 mm, and in still another embodiment from 
about 9 mm to about 15 mm as measured by the Distance to 
Maximum Force Method. 
As used herein, “dissolvable” means that the ?exible 

porous dissolvable solid structure article meets the hand dis 
solution value. The Article has a hand dissolution value of 
from about 1 to about 30 strokes, in one embodiment from 
about 2 to about 25 strokes, in another embodiment from 
about 3 to about 20 strokes, and in still another embodiment 
from about 4 to about 15 strokes as measured by the Hand 
Dissolution Method. 
As used herein “porous solid structure” means a solid, 

interconnected, polymer-containing matrix that de?nes a net 
Work of spaces or cells that contain a gas, typically a gas such 
as air Without collapse of the foam structure during the drying 
process, thereby maintaining the physical strength and cohe 
siveness of the solid. The interconnectivity of the structure 
may be described by a Start Volume, a Structure Model Index 
(SMI) and a Percent Open Cell Content. 

TheArticle has a StarVolume of from about 1 mm3 to about 
90 m3, in one embodiment from about 5 mm3 to about 80 
mm3 , in another embodiment from about 10 mm3 to about 70 
m3, and in still another embodiment from about 15 mm3 to 
about 60 mm3 . 

The Article has a non-negative Structure Model Index of 
from about 0.0 to about 3.0, in one embodiment from about 
0.5 to about 2.75, and in another embodiment from about 1.0 
to about 2.50. 

To measure the cell interconnectivity via the Star Volume 
and the Structure Model Index, disk-like samples, approxi 
mately 4 cm in diameter and 3 to 7 mm high, are scanned 
using a micro computed tomography system (uCT80, SN 
06071200, Scanco Medical AG). Each sample is imaged 
While sitting ?at on the bottom of a cylindrical tube. Image 
acquisition parameters are 45 kVp, 177 uA, 51.2 mm ?eld of 
vieW, 800 ms integration time, 1000 projections. The number 
of slices is adjusted to cover the height of the sample. The 
reconstructed data set consisted of a stack of images, each 
2048x2048 pixels, With an isotropic resolution of 25 pm. For 
data analysis, a volume of interest is selected to be fully 
Within the sample, avoiding the surface region. A typical 
volume of interest is 1028><772><98 voxels. 

Structure Model Index (SMI) is measured using Scanco 
Medical’s Bone Trabecular Morphometry evaluation With a 
threshold of 17. With this index the structural appearance of 
trabecular bone is quanti?ed (see T. Hildebrand, P. Riiegseg 
ger. Quanti?cation of bone microarchitecture With the struc 
ture model index. Comp Meth Biomech Biomed Eng 1997; 
1:15-23). The triangulated surface is dilated in normal direc 
tion by an in?nitesimal amount, and the neW bone surface and 
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4 
volume is calculated. By this, the derivative of the bone sur 
face (dB S/dr) can be determined. The SMI is then represented 
by the equation: 

dBS 

dr 
Bs2 

SMI relates to the convexity of the structure to a model 
type. Ideal (?at) plates have an SMI of 0 (no surface change 
With dilation of the plates), Whereas ideal cylindrical rods 
have an SMI of 3 (linear increase in surface With dilation of 
rods). Round spheres have an SMI of 4. Concave structure 
gives negative dBS/dr, resulting in negative SMI values. Arti 
?cial boundaries at the edge of the volume of interest are not 
included in the calculation and thus suppressed. 

In addition to the Scanco Medical Analysis, Star Volume 
measurements are made. Star Volume is a measure of the 
“openness” of the void space in a tWo phase structure. By 
choosing a random uniformly distributed set of points in the 
phase of interest (in this case the phase of interest is the void 
space or air), lines can be extended in random directions from 
each of these points. The lines are extended until they touch 
the foreground phase. The length of each of these lines is then 
recorded. The random points have a sampling of 10 in each 
direction (x/y/ Z) and at each point 10 random angles are 
chosen. If the line extends to the border of the ROI of interest 
that line is discarded (only accept lines that actually intersect 
With the foreground phase). The ?nal equation is based upon 
the research entitled Star Volume In Bone Research A Histo 
morphometric Analysis Of T rabecular Bone Structure Using 
Vertical Sections; Vesterby, A.; Anat Rec.; 1993 February; 
235(2):325-334.: 

4 2 dis!3 
StarVolume : —7r 

3 N 

Where “dist” is the individual distances and N is the number 
of lines examined. 

The Article has a Percent Open Cell Content of from about 
80% to 100%, in one embodiment from about 85% to about 
97.5%, and in another embodiment from about 90% to about 
95%. 
The Percent Open Cell Content is measured via gas pyc 

nometry. Gas pycnometry is a common analytical technique 
that uses a gas displacement methodto measure volume accu 
rately. Inert gases, such as helium or nitrogen, are used as the 
displacement medium. The sample of the Article is sealed in 
the instrument compartment of knoWn volume, the appropri 
ate inert gas is admitted, and then expanded into another 
precision internal volume. The pressure before and after 
expansion is measured and used to compute the sample 
Article volume. Dividing this volume into the sample Article 
Weight gives the gas displacement density. 
The Article produced according to the process discussed 

herein results in a more uniform and consistent structure 
through the thickness of the Article. Conventional processing 
techniques generally lead to open-celled porous structures 
comprising three distinct regions: an upper region that is 
closest to the target density (based on extrapolation from the 
Wet processing density), a middle region With a signi?cantly 
loWer density and larger pores, and a bottom region With a 
higher density and thicker cell Walls. While not being bound 
to theory, the central region’s loWer density and larger pore 
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sizes are believed to be due to excessive drainage and bubble 
collapse during the drying process and thereby also contrib 
uting to the higher density and thicker cell Walls of the bottom 
region due to gravity. Moreover, this latter, more dense, 
region is believed to serve as a rate limiting barrier for Water 
ingress into the porous solid upon being Wetted by the con 
sumer Which signi?cantly decreases the dissolution perfor 
mance. 

As such, the process described herein is directed to 
addressing these issues. 
Method of Manufacture 

The Article can be prepared by the process comprising: (1) 
Preparing a pre-mixture comprising surfactant(s), dissolved 
Water soluble polymer, and optionally plasticiZer and other 
optional ingredients; (2) Aerating the mixture by introducing 
a gas into the mixture; (3) Forming the aerated Wet mixture 
into a desired thickness With optionally a three-dimensional 
mold; (4) Drying the aerated Wet mixture to a desired ?nal 
moisture content (e.g., from about 0.5 to 25% moisture), in an 
environment that is held at about 100° C. to about 150° C.; and 
(5) optionally cutting the dried solid into one or more shapes. 
Preparation of Pre-Mixture 

The pre-mixture is generally prepared by mixing the solids 
of interest, including surfactant(s), dissolved Water soluble 
polymer, optional plasticiZer and other optional ingredients. 
This can be accomplished by any suitable mixing processes 
such as batch or continuous mixing. High shear or static 
mixing is also suitable. Any process can be envisioned such 
that the polymer is ultimately dissolved in the presence of 
Water, the surfactant(s), optional actives, optional plasticiZer, 
and any other optional ingredients including step-Wise pro 
cessing via pre-mix portions of any combination of ingredi 
ents. The viscosity of the pre-mixture should fall Within the 
ranges discussed herein at ambient temperatures (250 C.) and 
the percent solid content should fall Within the ranges dis 
cussed herein. 
Optional Continued Heating of Pre-Mixture 

Optionally, the pre-mixture is pre-heated immediately 
prior to the aeration process at above ambient temperature but 
beloW any temperatures that Would cause degradation of the 
component. In one embodiment, the pre-mixture is kept at 
above about 40° C. and beloW about 99° C., preferably above 
about 50° C. and beloW about 95° C., more preferably about 
60° C. and beloW about 90° C. In one embodiment, When the 
viscosity at ambient temperature of the pre-mix is from about 
15,000 cps to about 150,000 cps, the optional continuous 
heating should be utiliZed before the aeration step. In an 
additional preferred embodiment, additional heat is applied 
during the aeration process to try and maintain an elevated 
temperature during the aeration. This can be accomplished 
via conductive heating from one or more surfaces, injection of 
steam or other processing means. 

Without being limited by a theory, the act of pre-heating the 
pre-mixture before the aeration step provides a means for 
loWering the viscosity of pre-mixtures comprising higher per 
cent solids content for improved introduction of bubbles into 
the mixture and formation of the desired porous solid struc 
ture. Achieving higher percent solids content is desirable so 
as to reduce the energy requirements for drying. The increase 
of percent solids, and therefore conversely the decrease in 
Water level content, and increase in viscosity is believed to 
affect the bubble drainage from the pre-mixture during the 
drying step. The drainage and evaporation of Water from the 
pre-mixture during drying is believed to be critical to the 
formation of the desired predominantly open-celled porous 
solid structure described herein. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Pre-heating of the pre-mixture enables the manufacture of 

the desired fast dissolving porous solid structure from more 
viscous processing mixtures With higher percent solids levels 
that Would normally produce sloW dissolving and predomi 
nantly closed celled porous structures. While not being bound 
to theory, the increased temperature is believed to in?uence 
controlled bubble drainage from the thin ?lm bubble facings 
into the plateau borders of the three dimensional foam gen 
erating openings betWeen the bubbles (formation of open 
cells) simultaneous to the solidi?cation of the resulting pla 
teau border structure (driven by evaporation). The 
demonstrated ability to achieve such inter-connected open 
celled solid foam architectures With good mechanical integ 
rity and visual appearance of the Article produced via the 
present invention and Without collapse of the “unstable” foam 
structure during the drying process is surprising. The altema 
tive predominantly closed celled porous solids that are typi 
cally produced Without the processing innovations described 
herein have signi?cantly poorer dissolution and do not meet 
the structural parameters encompassed by the porous solid 
structure described herein. 

Moreover, the higher % solids and viscosity pre-mixtures 
resulted in solids With signi?cantly less percent (%) shrink 
age from the drying process While still resulting in porous 
solid structure With fast dissolution rates. On the one hand this 
is intuitive as the higher viscosities during the drying process 
should serve to mitigate the drainage and bubble rupture/ 
collapse/ coalescence that give rise to the shrinkage. HoWever, 
on the other hand this is counterintuitive as such reduced 
drainage should mitigate the formation of the desired pre 
dominantly open-celled porous solid structure (With a mini 
mum degree of cell interconnectivity) during the drying pro 
cess. 

Aeration of Pre-Mixture 
The aeration of the pre-mixture is accomplished by intro 

ducing a gas into the pre-mixture, preferably by mechanical 
mixing energy but also may be achieved via chemical means 
to form an aerated mixture. The aeration may be accom 
plished by any suitable mechanical processing means, includ 
ing but not limited to: (i) Batch tank aeration via mechanical 
mixing including planetary mixers or other suitable mixing 
vessels, (ii) semi-continuous or continuous aerators utiliZed 
in the food industry (pressurized and non-pressurized), or (iii) 
spray-drying the processing mixture in order to form aerated 
beads or particles that can be compressed such as in a mould 
With heat in order to form the porous solid. 

Less preferred, but also envisioned in aeration With chemi 
cal foaming agents by in-situ gas formation (via chemical 
reaction of one or more ingredients, including formation of 
carbon dioxide (CO2 (g)) by an effervescent system. 

In a particular embodiment, it has been discovered that the 
Article can be prepared Within continuous pressuriZed aera 
tors that are conventionally utiliZed Within the foods industry 
in the production of marshmalloWs. Suitable continuous pres 
suriZed aerators include the Morton Whisk (Morton Machine 
Co., MotherWell, Scotland), the Oakes continuous automatic 
mixer (ET. Oakes Corporation, Hauppauge, N.Y.), the Fedco 
Continuous Mixer (The Peerless Group, Sidney, Ohio), and 
the PresWhip (HosokaWa Micron Group, Osaka, Japan). 
Forming the Aerated Wet Pre-Mixture 
The forming of the aerated Wet pre-mixture may be accom 

plished by any suitable means to form the mixture in a desired 
shape or shapes including, but not limited to (i) depositing the 
aerated mixture to specially designed moulds comprising a 
non-interacting and non-stick surface such as TEFLON®, 
metal, HDPE, polycarbonate, NEOPRENE®, rubber, LDPE, 
glass and the like; (ii) depositing the aerated mixture into 
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cavities imprinted in dry granular starch contained in a shal 
loW tray; and (iii) depositing the aerated mixture onto a con 
tinuous belt or screen comprising any non-interacting or non 

stick material such as TEFLON®, metal, HDPE, 
polycarbonate, NEOPRENE®, rubber, LDPE, glass and the 
like, the resulting dried product may be later stamped, cut, 
embossed or stored on a roll. The formation results in a 
formed aerated Wet pre-mixture. 

The Wet density range of the aerated pre-mixture ranges 
from about 0.15 g/cm3 to about 0.50 g/cm3, preferably from 
about 0.20 g/cm3 to about 0.45 g/cm3, more preferably from 
about 0.25 g/cm3 to about 0.40 g/cm3, and even more prefer 
ably from about 0.30 g/cm3 to about 0.35 g/cm3. 
Drying the Formed Aerated Wet Pre-Mixture 

The drying of the formed aerated Wet pre-mixture may be 
accomplished by any suitable drying environment means 
including, but not limited to (i) drying room(s) including 
rooms With controlled temperature and pressure or atmo 
spheric conditions; (ii) ovens including non-convection or 
convection ovens With controlled temperature and optionally 
humidity; (iii) Truck/Tray driers, (iv) multi-stage inline dri 
ers; (v) impingement ovens; (vi) rotary ovens/driers; (vii) 
inline roasters; (viii) rapid high heat transfer ovens and driers; 
(ix) dual plenum roasters, (x) conveyor driers, and (xi) 
vacuum drying chambers. 

In one embodiment, the drying environment is selected 
from the group consisting of one or more drying rooms, 
convection ovens, Truck/Tray driers, multi-stage inline dri 
ers, impingement ovens/driers, rotary ovens/driers, inline 
roasters, rapid high heat transfer ovens and driers, dual ple 
num roasters, conveyor driers, vacuum drying chambers and 
combinations thereof, such that the drying environment is 
betWeen 100° C. and 150° C. 

Other suitable drying environments include “volumetric 
heating” techniques using high frequency electromagnetic 
?elds such as MicroWave Drying and Radio Frequency (RF) 
Drying. With these techniques, the energy is transferred elec 
tromagnetically through the aerated Wet pre-mixture rather 
than by conduction or convection. 

The drying environment is such that the formed aerated Wet 
pre-mixture is dried to a dry density of from about 0.10 g/cm3 
to about 0.40 g/cm3. 

In one embodiment, the drying environment is heated to a 
temperature betWeen 100° C. and 150° C. In one embodi 
ment, the drying temperature is between 1050 C. and 145° C. 
In another embodiment, the drying temperature is betWeen 
110° C. and 140° C. In a further embodiment, the drying 
temperature is betWeen 115° C. and 135° C. 

It has been found that increasing the surrounding air tem 
perature of the drying step to about 100° C. to about 150° C. 
decreases the drying time of the formed aerated Wet pre 
mixture in forming the Article While maintaining the desired 
dissolution properties of the Article. It has been found that 
increasing surrounding air temperature levels from ambient 
temperature (25° C.) to 40° C. produced a suitable Article, but 
drying times to achieve a ?nal moisture contents Were several 
hours (typically requiring overnight drying). Increasing the 
surrounding air temperature of the drying step to 75° C. for a 
period of about 2 hours to the desired dry density provided an 
unsuitable Article and producing a denser bottom region 
including the formation of continuous sticky ?lm on the bot 
tom surface (adjacent to the mold) of the formed solid With 
poorer dissolution. While not being bound to theory, it is 
believed that this denser bottom region and formed continu 
ous ?lm serve as a rate limiting barrier for Water ingress 
thereby adversely affecting the dissolution performance of 
the overall porous solid. 
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8 
Surprisingly, it Was found that an increase in the surround 

ing air temperature above 75° C. for the drying step to about 
100° C. to about 150° C. provides acceptable properties for 
the Article Within a 60 minute or less time frame While 
improving the desired dissolution properties. This is counter 
intuitive given the poorer results observed upon increasing 
the temperature from 40° C. to 75° C. Moreover, this tem 
perature range is above the boiling point of Water and Would 
thereby be expected to result in Water vapour evaporation 
rates that likely exceed the rate of Water vapour escape from 
the solid to the surrounding environment and resulting in the 
regional build-up of excessive internal solid pressure leading 
to increased expansion/thickness or “humped” cross sections 
of the resulting material. While not being bound to theory, it 
is believed that the initial aerated Wet foam closed cells coa 
lesce together during the critical stages of the drying process 
under these preferred temperature conditions, creating inter 
connected open-celled channels extending to the surface of 
the solid, and thereby enabling the facile escape of the Water 
vapour molecules Without excessive pressure build-up and 
ensuing regional expansion of the resulting solid. 

Increases in the drying temperature beyond 150° C. Were 
generally found by the Applicants to lead to regional solid 
expansion as Well as partial discoloration of the solid surface 
Which is indicative of chemical decomposition at these 
elevated temperatures. 

In another embodiment, it has been found that Articles 
according to the present invention can be produced With a 
further improvement in the bottom region by MicroWave 
drying. While not being bound to theory, it is believed that the 
internal heating afforded by Microwave heating technology 
helps to mitigate the drainage from the central region into the 
bottom region (adjacent to the mold surface) during the dry 
ing process and thereby creating a less dense bottom region 
and an overall structure With a more uniform density. 

Importantly, microWave drying times of less than about 3 
minutes result in undesired regional solid expansion of the 
Article. While not being bound to theory, this is believed to be 
due to Water vapour evaporation rates that exceed the rate of 
Water vapour escape from the solid as described herein above. 
To achieve drying times beyond 3 minutes, MicroWave drying 
is preferably achieved via a loW energy density applicator 
such as are available via Industrial MicroWave Systems L.L.C 
(Morrisville, NC. http://WWW.industrialmicroWave.com/). In 
particular, a loW energy tWo Wide Wave applicators in series 
microWave applicator system is preferred With tWo or more 
loW energy applicator regions (about 5 kW). Ideally, the air 
environment Within the loW energy microWave applicator 
system is at an elevated temperature (typically from about 35° 
C. to about 90° C. and preferably from about 40° C. to about 
70° C. and With good circulation so as to facilitate the removal 
of the resulting humidity. 

In one embodiment, the drying time to the desired dry 
density is from about 3 minutes to about 90 minutes, in 
another embodiment from about 5 minutes to about 60 min 
utes, in another embodiment from about 7 minutes to about 45 
minutes. The drying step results in the Article. Drying times 
of less than about 3 minutes result in undesired regional solid 
cross-sectional expansion of the resulting Article, Whereas 
drying times beyond these values and up to 2 to 3 hours result 
in excessive densi?cation of the bottom surface of the Article 
leading to poorer dissolution. Drying times betWeen 3 hours 
and 20 hours (overnight) lead to acceptable Articles, but 
suffer from poorer economics of production. 
The drying times that can be achieved via convective dry 

ing are betWeen about 10 minutes to about 90 minutes, in 
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another embodiment from about 20 minutes to about 60 min 
utes, and in another embodiment from about 30 minutes to 
about 45 minutes. 

The drying times that can be achieved via Microwave dry 
ing are betWeen about 3 minutes and about 25 minutes, in 
another embodiment betWeen about 5 minutes and about 20 
minutes, and in another embodiment betWeen about 7 min 
utes and about 15 minutes. 

The resulting Article (dried) may comprise a dry density of 
from about 0.10 g/cm3 to about 0.40 g/cm3, in one embodi 
ment from about 0.11 g/cm3 to about 0.30 g/cm3, in another 
embodiment from about 0.12 g/cm3 to about 0.25 g/cm3, and 
in another embodiment from about 0.13 g/cm3 to about 0.20 
g/cm3. 
Further Optional Steps 

Further optional steps not recited above may be added at 
any point during or after the recited process. Optional ingre 
dients may be imparted during any of the above described 
four processing steps or even after the drying process. Further 
optional steps may include further ?nishing steps, such as the 
addition of heat sensitive materials including but not limited 
to perfumes and enzymes; cutting of the Article into a smaller 
siZe; puncturing or slitting the Article, further manipulation of 
the Article such a forming a three-dimensional shape, print 
ing, texturiZing, mixing the Article into another composition, 
laminating the Article With another material, packaging the 
Article and other process steps. 

Additional steps that can be used in the present process 
include cutting the resulting Article into smaller siZes, punc 
turing the Article With needles or slitting the Article. The siZe 
of the Article Will depend upon the desired dosage amount of 
actives, or in this case surfactant. The frequency of perfora 
tion or slitting is con?ned to maintain the structural integrity 
of the Article such that it can still be handled. 

The Article may be further manipulated into a shape or 
form other than a ?at plane or sheet. Other three-dimensional 
shapes may include spherical bead or ball, ?oWers, ?oWer 
petals, berry shapes and various knoWn pasta shapes. As such 
the process may further include a step Whereby the Article is 
manipulated into a three-dimensional shape. 

The Article may undergo different manipulation such as 
being printed upon or texturiZed by dimpled, Waffled or oth 
erWise topographically patterned surfaces including letters, 
logos or ?gures. The printing or texturiZing of the Article can 
also be the result of creping processes, imprinted coatings, 
embossing patterns, laminating to other layers having raised 
portions, or the result of the physical form of the dissolvable 
porous solid substrate itself. The printing step may include 
printing by spraying, knife, rod, kiss, slot, painting, printing 
such as ?exographic (?exo) printing and combinations 
thereof. Therefore, the present process can further include the 
step of printing or texturing the Article. 
The Article may be utiliZed by being mixed With other 

compositions or products. The mixing should not detract 
from the dissolution properties herein described. Therefore 
the present process may further comprise the step of mixing 
the Article With another composition, mixing the Article With 
another product. 

The Article may be packaged for consumption individually 
or in a plurality of Articles. The Article may be included in a 
kit Wherein various types of products are supplied, including 
Articles With different compositions, Article(s) With other 
products making up a regime of series of products for a 
desired bene?t, or Article(s) With other products unrelated 
such as a toiletry travel kit for travel on airplanes. 

Suitable packaging material may be selected such that the 
Article is protected from inadvertent exposure to liquids. The 
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10 
packaging material may be air and/or vapor permeable, 
dependent upon the environment in Which the Article is to be 
sold. 
The process may further include a step of packaging the 

Article individually for sale as a product. The process may 
further include a step of packaging a plurality of Article for 
sale as a product. The process may further include a step of 
including a packagedArticle in a kit for sale as a product. The 
packaging step is undertaken after the formation of the 
Article, preferably after the Article is cut into a suitable siZe. 
The Article may be packaged on the same line as the produc 
tion of Article or the Article may be collected, shipped or 
stored, and then packaged at a later time. 
Percent (%) Solids in Pre-Mixture 
The processing mixtures of the present invention comprise: 

from about 15% to about 70% solids, in one embodiment 
from about 30% to about 70% solids, in one embodiment 
from about 30% to about 60% solids, in one embodiment 
from about 32% to about 55% solids, in one embodiment 
from about 34% to about 50%, and in another embodiment 
from about 36% to about 45% solids, by Weight of the pre 
mixture before drying. The % solids content is the summation 
of the Weight percentages by Weight of the total processing 
mixture of all of the solid, semi-solid and liquid components 
excluding Water and any obviously volatile materials such as 
loW boiling alcohols. 
Viscosity of Pre-Mixture 

At ambient temperature and pressure, the processing mix 
tures of the present invention have a viscosity of from about 
2,500 cps to about 150,000 cps, in one embodiment from 
about 15,000 cps to about 150,000 cps, in one embodiment 
from about 20,000 cps to about 125,000 cps, in another 
embodiment from about from about 25,000 cps to about 
100,000 cps, and in still another embodiment from about 
30,000 cps to about 75,000 cps. The processing mixture vis 
cosity values are measured using a TA Instruments AR500 
Rheometer With 4.0 cm diameter parallel plate and 1,200 
micron gap at a shear rate of 1.0 reciprocal seconds for a 
period of 30 seconds at 230 C. 
Surfactants 
The Article comprises one or more surfactants suitable for 

application to the hair or skin. Surfactants suitable for use in 
the Article include anionic surfactants, nonionic surfactants, 
cationic surfactants, ZWitterionic surfactants, amphoteric sur 
factants, polymeric surfactants or combinations thereof. 

In one embodiment, the Article is a lathering dissolvable 
solid personal care product (dried) and comprises from about 
23% to about 75% by Weight of the Article of surfactant, in 
one embodiment from about 30% to about 70% by Weight of 
the Article of surfactant, in one embodiment from about 40% 
to about 65% by Weight of the Article of surfactant. In such 
cases, the pre-mixture may comprise from about 8% to about 
30% by Weight of the pre-mixture of surfactant, in one 
embodiment from about 13% to about 28% by Weight of the 
pre-mixture of surfactant, in one embodiment from about 
18% to about 25% by Weight of the pre-mixture of surfactant. 

Non-limiting examples of anionic surfactants suitable for 
use herein include alkyl and alkyl ether sulfates, sulfated 
monoglycerides, sulfonated ole?ns, alkyl aryl sulfonates, pri 
mary or secondary alkane sulfonates, alkyl sulfosuccinates, 
acyl taurates, acyl isethionates, alkyl glycerylether sulfonate, 
sulfonated methyl esters, sulfonated fatty acids, alkyl phos 
phates, acyl glutamates, acyl sarcosinates, alkyl sulfoac 
etates, acylated peptides, alkyl ether carboxylates, acyl lac 
tylates, anionic ?uorosurfactants, sodium lauroyl glutamate, 
and combinations thereof. 


























